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CIRCUIT FOR DRIVING LIGHT-EMITTING DIODES 

This application claims priority to U.S. Provisional Patent Application Serial No. 
60/176,110, filed January 14, 2000. The specification of that application is hereby 
incorporated by reference in its entirety. 

Background of the Invention 

Currently, dentists and surgeons use cumbersome headlamps to illuminate areas during 
intricate procedures such as surgery and dentistry. These headlamps typically incorporate 
halogen or other incandescent lamps which emit an uneven light in which the element is visible 
when the lamp is on. Further, such incandescent lamps can have high current demands. 
These headlamps are either battery-powered or plugged into a wall socket. Battery powered 
headlamps containing halogen or krypton bulbs burn hot and drain batteries quickly. Those 
headlamps which are plugged into a wall socket reduce the mobility of the surgeon and the 
chord presents a possible nuisance interfering with surgical procedures. 

Light emitting diodes (LEDs) provide a clean, bright light with sharp edges. The 
clean, sharp light of an LED, when focused, can produce illumination of a brightness and 
intensity suitable for procedures such as surgery and dentistry. In addition, LEDs require less 
power than incandescent lamps. Illumination devices, such as flashlights, which are currently 
available and have LEDs require at least three batteries or 4.5 V of power. Excessive current 
or voltage applied to an LED can damage the diode. Therefore, to insure the voltage applied 
to the LEDs is not too great a simple resistor is typically placed in the circuit of these devices. 
The resistor limits the power applied to the LEDs and releases excess energy as heat. Thus, 
conventional LED flashlights waste energy, run hot, and are heavy with extras batteries and 
components. Current headlamps with LEDs are cumbersome and awkward. Further, 
available LED lamps have poor light output which begins to weaken almost immediately. 
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The clean, bright light of an LED is ideal for illuminating intricate surgical or dental 
procedures. From the foregoing, however, it is apparent that there is a need for a battery- 
powered, cool- burning headlamp with LEDs to provide light for these procedures. It would 
be most advantageous if the LEDs of these headlamps were driven by an efficient circuit 
which reduced the weight of the headlamp and provided maximum burn time. 

Brief Description of the Drawings 

Figure 1 shows a specific embodiment of a circuit in accordance with the subject 
invention. 

Figure 2 shows another specific embodiment of a circuit in accordance with the 
subject invention. 

Figure 3 shows primary lenses superimposing the beam patterns of three light emitting 
diodes (LEDs) driven by the circuit of the subject invention. 

Figure 4A shows a specific embodiment of an open zoom apparatus for a LED driven 
by a circuit in accordance with the subject invention. 

Figure 4B shows a specific embodiment of a focused zoom apparatus for a LED 
driven by a circuit in accordance with the subject invention. 

Summary of the Invention 
The subject invention involves a circuit for driving light emitting diodes (LEDs). The 
subject circuit can enable the production of light from a device which is efficient and cool- 
burning. The subject invention also relates to apparatuses incorporating LEDs for the 
production of light. In a specific embodiment, the circuit comprises an inductive storage 
device, a switching regulator device, a rectifier and filter and, a current sensing device in a 
closed loop feedback system. The use of an inductive storage device can allow the circuit to 
function using a low voltage input. The switching regulator device can monitor and regulate 
the power applied to the LEDs, protecting the diodes. The circuit can illuminate a number 
of LEDs with a low voltage input. In a preferred embodiment, the subject system can be 
approximately 97% efficient. 
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The subject invention further relates to materials and methods for directing the light 
from one or more LEDs into a uniform difiuse light, or into a bright focused beam. Optical 
lenses can be used to superimpose individual diode beam patterns in order to provide a bright, 
clear beam. A second zoom lens can be used to further focus this beam of light, either 
5 scattering the beam to provide a uniform difiuse light or narrowing the beam to provide a 
bright, sharp light. 

Detailed Description of the Invention 
The subject invention involves an efficient circuit for driving one or more light 
1 0 emitting diodes (LEDs). The subject invention can utilize an inductive storage device which 
can allow the circuit to function with low voltage input. Further, a switching circuit can be 
used in a closed loop feedback system to monitor and regulate the power supplied to the 
LEDs, thus protecting the diodes and allowing them to burn for extended periods. 

A specific embodiment of the circuit of the subject invention is shown in Figure 1. . 
15 Batteries 10 provide DC current which is sent to an inductive storage device 12, such as an 
inductor. Preferably, the inductive storage device is wire wound with an inductance between 
about 22 and 220 micro henries. Wire wound inductors reduce resistance. 

Current from the inductive storage device 12 goes to a high speed switching converter 
and regulator device. In a specific embodiment, the switching regulator device 14 can be an 
20 integrated circuit (IC) having a reference voltage source, an oscillation circuit, a power 
MOSFET, and an error amplifier. In a preferred embodiment the switching regulator device 
is a CMOS PWM/PFM-control step-up switching regulator. 

Energy in the inductive storage device 12 is converted to AC current. Energy leaving 
the switching regulator device 14 is likewise AC current. Accordingly, this AC current can 
25 be rectified and filtered to DC current through a rectifier and filter 16. In a specific 
embodiment, a Schottky diode can be used as the rectifier and filter 16. A Schottky diode can 
provide a fast reverse recovery time and a low forward voltage drop. The rectified and 
filtered current is fed back to the switching regulator device 14 where it can be controlled and 
monitored for the proper voltage output. 
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The rectified and filtered DC output is sent to a current sensing device, which controls 
the current sent to the LEDs. In a specific embodiment, the current sensing device is a 
current driver and temperature compensation circuit 18 having an error amplifier, a current 
sensing resistor, and at least two reference voltage resistors. In a particularly preferred 
embodiment, the current sensing device further comprises a transistor used as a power driver. 
The current sensing and temperature compensation circuit controls the temperature, 
protecting the light emitting diodes (LEDs) 20 from thermal runaway and allows the LED 
20 to be driven at or near maximum current without the LED being destroyed. The subject 
circuit can be used to drive white LEDs which offer superior light quality and brightness. 

Figure 2 shows another specific embodiment of a circuit in accordance with the 
subject invention. This circuit is an enhanced version of the circuit shown in Figure 1, and 
can use a lower voltage input to drive more LEDs. In this circuit, the switching regulator 
device comprises a programmable reference voltage source and is driven by a low voltage 
power converter. The switching regulator device also has an external super enhanced 
MOSFET. 

The DC power input 22 provides power to the inductive storage device 30. Within 
the inductive storage device 30 energy is transformed into AC current. The energy is 
converted from AC to DC current by a rectifier 32. Preferably, the rectifier is a Schottky 
diode. The current is then filtered at 34 before being applied to the LEDs or LED clusters 
36. A current sensing device 38 feeds a signal reference voltage back to a switching regulator 
device 26 providing current load information for regulating the circuit. Preferably, the current 
sensing device 38 is a resistor having a resistance of less than about 15 ohms (Q). 

The switching regulator device 26 monitors the signal from the current sensing device 
38 and regulates the energy released into the circuit. In a specific embodiment, the switching 
regulator device 26 requires about 3 V of power. A low voltage power converter circuit 24 
is introduced into the circuit to provide the power necessary to run the switching regulator 
device 26. Preferably, the low voltage power converter is capable of producing 3 V when 
supplied with as little as 0.8 V input. The converter circuit should further be capable of 
producing about 20 mA when supplied with the 0.8 V DC input. The low voltage power 
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converter 24 supplies the 3 V necessary to power the switching regulator device 26. The 
switching regulator device 26 can incorporate a programmable reference voltage source, an 
oscillation circuit, and an error amplifier. An external super enhance MOSFET 28 is 
controlled by the switching regulator device 26 and loads the inductive storage device 30. 
5 The super enhanced MOSFET is a very efficient transistor and requires very little current to 
operate. In a further specific embodiment, the switching regulator device 26 can also have 
a high current power converter capable of driving at least 16 white LEDs. Thus, this 
embodiment of the subject circuit can drive up to 16 LEDs with as little as 0.8 V input. 

The circuitry of the subject invention can allow a number of LEDs to be driven with 
1 0 very little voltage input. A single AAA battery can be used to power a specific embodiment 
of the subject circuit. The subject circuit can also be powered by more than one battery, or, 
for example, by AA, C, or D batteries. The subject circuitry can be used with LEDs in a low 
power consumption flashlight to provide a bright, lightweight piece of equipment. Flashlights 
or headlamps can utilize the circuit of the subject invention to present maximum white LED 
15 brightness, allowing fewer LEDs to be used and thus, lowering manufacturing costs. 
Flashlights or headlamps incorporating the circuitry of the subject invention also can consume 
less power than typical devices. For example, a flashlight with a standard incandescent bulb 
consumes 500 mA, while a flashlight using the circuit of the subject invention can consume 
on the order of only 80 mA to illuminate three white LEDs. 
20 The beam patterns of light from LEDs driven by the circuitry of the subject invention, 

or by other circuitry know in the art, can be superimposed to provide a bright, clean beam of 
light suitable for illuminating surgical procedures. In a specific embodiment, the beam 
patterns can be superimposed by, for example, placing primary lenses in the beam path. 
Figure 3 shows the beam patterns of three LED lamps being superimposed using primary 
25 lenses. Figure 3 shows a group of three LEDs 42, 44and 46. Each of these LEDs produce 
a beam pattern, 48, 50 and 52, respectively, which is superimposed on the others using 
primary lenses 54, 56 and 58, respectively. 

Lenses useful in this process can be made of, for example, glass or plastic. Plastic 
lenses are less expensive to manufacturer and lighter in weight. Simple convex lenses, which 
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bend the beams to meet one another, can be used to superimpose the beam patterns, primary 
lenses can be placed in the beam path of each lamp. Primary lens 56 is placed in front of LED 
44 at direct center. To properly focus and superimpose the beam patterns of LEDs 42 and 
46 on the beam pattern of LED 44, primary lenses 54 and 58 are placed slightly off-set from 

5 center of the LED s and away from the center LED 44. Alternatively, the LEDs can be canted 
so their beams are directed to the edge of the lens. The beam pattern of the LEDs are bent 
to superimpose upon one another further intensifying the brightness of the light and providing 
a clean, crisp light suitable for illuminating delicate medical procedures. The foregoing 
describes a process by which the beam patterns of three LEDs in a line are superimposed 

10 upon one another. It should be apparent to those skilled in the art that the beam patterns of 
groups of LEDs in any configuration can be superimposed on one another by arranging and 
off-setting the LEDs or lenses as described. 

The light from an LED or LEDs driven by the circuit of the subject invention can be 
further manipulated using a zoom lens to allow the light to be scattered into a diffuse uniform 

1 5 beam pattern or focused into a sharp, bright light. A second moveable zoom lens placed in 
the beam path of an LED can be used to adjust and focus the light. Figures 4A and 4B show 
an LED 60 focused with a zoom lens 62. A primary lens 64 is placed in the path of the LED 
60 to direct the light beam. Light exiting the primary lens 64 is caught by the zoom lens 62. 
The zoom lens 62 can be made of, for example, glass or plastic and in the exemplified 

20 embodiment is a simple convex lens. The distance between the zoom lens 62 and the primary 
lens 64 determines the final beam pattern of the lamp. Figure 4A shows that when the zoom 
lens 62 is close to the primary lens 64 the beam pattern is wide and difiuse. As the distance 
between the lenses increases the beam pattern becomes constricted and focused (Figure 4B). 
The beam pattern from a series of superimposed LEDs could be likewise focused using a 

25 zoom lens. Further, it is apparent to those skilled in the art that a variety of lens systems can 
be employed to achieve similar results. 

The circuitry of the subject invention can comprise an inductive storage device, a 
switching regulator device and a current sensing device in a closed loop feedback system. 
The circuitry can insure that the proper voltage is applied to an LED or LED cluster to 
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protect the LEDs from thermal runaway. The circuitry can further allow a number of LEDs 
to be driven with a low voltage input with the subject circuit being from about 70% to about 
99% efficient, and preferably at least about 90% efficient, and most preferably at lest about 
97% efficient. 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and the scope of the appended claims. 



